SEIZURES
Seizures commonly occur in ferrets and may be consequent to a wide variety of causes. However, true spontaneous epileptic seizures have never been described in ferrets, and seizures are usually reactive, that is, caused by metabolic or toxic conditions. 2 Hypoglycemia is considered the most common condition causing seizures in ferrets; however, other conditions, including electrolyte disorders, intoxication, hepatic encephalopathy, hypothyroidism, uremic encephalopathy, hypoxia, and hyperglycemia, may also be the cause. 3 
Hypoglycemia
Hypoglycemic seizures are an extremely common emergency presentation in ferrets. Typically, hypoglycemia in ferrets is the consequence of hyperinsulinemia caused by pancreatic b-cell tumors (ie, insulinomas). [4] [5] [6] Other causes that should be included in the differentials for hypoglycemia include anorexia, liver disorders, and hypoadrenocorticism. 7 Ferrets with severe hypoglycemic crises are usually stuporous and may present with opisthotonus (Video 1) and nystagmus (Video 2). Often the crises are accompanied by vocalizations (Video 3).
Diagnosis of hypoglycemia is based on detection of a blood glucose level lower than 60 to 70 mg/dL. 8, 9 Although tempting for its easiness, diagnosis of hypoglycemia should never be based only on the use of portable blood glucose meters (PBGM). PBGM for use in humans unpredictably underestimate blood glucose in ferrets 10 and have specificity for diagnosis of hypoglycemia in ferrets of 50%, 9 which means that half of the ferrets in which the PBGM detect hypoglycemia are actually normoglycemic (false positives). 9 PBGM developed for canine and feline patients (Alphatrak, Abbott, Abbott Park, IL) provide results that are more in agreement with laboratory analyzers. 10 However, given the clinical importance of the diagnosis, these methods should be mainly used for screening and monitoring instead of for diagnosing. Instead, the diagnosis on presentation should be based on a hexokinase-based laboratory analyzer whenever possible. An empirical approach to the ferret presented with suspected hypoglycemic seizures is as follows:
Placement of an intravenous (IV) catheter preferably in the cephalic vein (Fig. 2) under manual restraint. Alternatively, catheterize the saphenous or jugular vein (Fig. 3) . Intraosseous catheterization should be avoided, because with proper technique, IV catheterization is almost always feasible. Collect an adequate amount of blood from the catheter itself in a lithiumheparin-coated tube. Alternatively, obtain a blood sample to be placed in the collection tube under manual restraint (Figs. 4 and 5). Immediate measurement of glucose with a point-of-care device that uses the hexokinase method (eg, VetScan VS2, Abaxis, Darmstadt, Germany). Ideally, concurrently measure other electrolytes, including ionized calcium. If hypoglycemia is confirmed, slow administration of a bolus of 33% glucose solution or 50% dextrose solution (2-3 mL) followed by constant-rate infusion (CRI) of 5% glucose (10 mL/kg/h). Notice that there is potential risk of phlebitis by using high osmotic solutions. If the seizures persist, a second bolus of glucose/dextrose solution and administration of diazepam (rectally or IV, 0.5 mg/kg; CRI, 0.5-1.5 mg/kg/h) or midazolam (rectally or IV, 0.5 mg/kg; CRI, 0.3 mg/kg/h) may be administered. If available, a CRI of glucagon may be administered at a rate of 15 ng/kg/min (6.8 ng/lb/min).
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Serial monitoring (ie, every 4-8 hours) of glucose concentration with a hexokinase method.
After management of hypoglycemic crisis and stabilization of the ferret, ultrasound of the pancreas assists in the identification of neoplasia (Fig. 6) . Surgery, especially when partial pancreatectomy is performed, has a good prognosis (Fig. 7) . 6 However, recurrences do occur, and in such cases, medical treatment may palliate the symptoms. 4 Medical treatment for long-term management of insulinomic ferrets may include corticosteroids, diazoxide, and octreotide, among other drugs.
Hypocalcemia
A less common cause of seizures in ferrets is severe hypocalcemia. 12 For the diagnosis, complete blood work, including ionized calcium, is indicated. Although no proper reference ranges for ionized calcium in ferrets are established, values higher than 1.1 mmol/L may be considered normal based on dogs' and cats' reference ranges (reference needed and unpublished data). Currently, there are point-of-care devices that evaluate ionized calcium along with the other electrolytes requiring only 0.2 mLs of whole blood (eg, CG81 Cartridge, i-STAT, Abaxis, Darmstadt, Germany); however, their validity in ferrets has not been assessed. Differential diagnoses for hypocalcemia should include hypoparathyroidism, pseudohypoparathyroidism, hypomagnesemia, renal failure, acute pancreatitis, hypoalbuminemia, puerperal tetany, ethylene glycol intoxication, intestinal malabsorption, nutritional secondary hyperparathyroidism, and tumor lysis syndrome. 12, 13 Among these causes, primary hypoparathyroidism has been recently diagnosed in 2 ferrets and pseudohypoparathyroidism in another ferret. [12] [13] [14] Diagnosis of these conditions is based on a combination of low-serum ionized calcium concentration, high-serum phosphorus concentration, and appropriate renal function (based on serum chemistry values of serum urea nitrogen and creatinine) in the face of low parathyroid hormone (PTH) concentrations (hypoparathyroidism) 12 or high PTH concentrations (pseudohypoparathyroidism).
14 Emergency treatment of hypocalcemic seizures is managed by CRI administration of calcium gluconate at 2 to 3 mg/kg/h, with continuous ECG monitoring controlling for bradycardia, ventricular premature complexes/contractions, or shortening of the QT interval (Fig. 8) . 12, 13 In case of spontaneous primary hypoparathyroidism, long-term maintenance therapy with dihydrotachysterol (orally, 12-20 mg/kg/d) and calcium monitoring is indicated to control clinical signs. 
Other Causes of Seizures
Other disorders that occasionally cause central neurologic signs and seizures in ferrets include brain tumors, intoxication, and infectious diseases (viral, fungal, and protozoan infections), including distemper, rabies, Aleutian disease, systemic coronavirus, Cryptococcus, and Toxoplasma gondii infection (Fig. 9) . ANEMIA Anemia in ferrets should be worked up as in other domestic animals. A preliminary diagnosis of anemia is formulated based on clinical features (Fig. 10) and hematology (hematocrit <45%). Most causes of anemia in other animals also occur in ferrets, including immune-mediated forms. 19 Typical causes of anemia in ferrets are lymphoma and hyperestrogenism.
Hyperestrogenism-Related Anemia
Hyperestrogenism may be secondary to prolonged estrus in female ferrets (either intact or neutered with ovarian remnant), adrenal disorders, or, rarely, estrogenproducing tumors (Fig. 11) . [20] [21] [22] [23] [24] The mechanism behind anemia in intact female ferrets is from the lack of spontaneous ovulation. In the absence of copulation, ovulation does not occur, and the maintained production of estrogens by the follicles may result in bone marrow aplasia, with consequent pancytopenia. 20, 21 Clinical signs of hyperestrogenism in female ferrets include swelling of the vulva, alopecia, and pruritus, among others ( Fig. 12) . In male ferrets, gynecomastia and dysuria as a consequence of prostatic cysts are occasionally observed during hyperestrogenism.
Emergency treatment includes (1) stabilization of the ferret and (2) removal of the source of endogenous estrogen production. 25 
Transfusions
Transfusions are anecdotally indicated for hematocrit values lower than 25%. 26 Ferrets do not have clinically significant blood groups 27 ; therefore, any healthy adult male ferret is an appropriate donor. As a clinical guide, avoid sampling more than 1% of the ferret body weight (ie, in a 1.5-kg ferret, 15 mL of blood). Some investigators suggest drawing blood with cardiac puncture to permit a rapid, clot-free collection. 27 However, in the author's clinical experience, transfusion is safely performed even with blood samples obtained from the cranial vena cava with a 23-G needle and use of a 170-mm clot filter (Fig. 13) . Rate of administration of blood for the recipient depends on the underlying disorder (ie, acute vs chronic loss) and ranges from 20 minutes to a maximum of 4 hours. 28 Ferret blood stored using citrate-phosphate-dextroseadenine should not be used for transfusion after 7 days of storage at 4 C. 29 
Removal of estrogen source
Hyperestrogenism from persistent-estrus Currently, gonadectomy in ferrets is discouraged given the consequent increase in risk of developing adrenal disease. Therefore, alternative medical treatments should be elected. Hyperestrogenism from adrenal hyperplasia or neoplasia Current therapies for adrenal disease in ferrets include medical and/or surgical treatment. The GnRH agonist, deslorelin acetate, 4.7-mg dose proved to be an interesting alternative to surgical adrenalectomy. 33 However, in ferrets that do not respond to medical treatment (ie, persistence of symptoms, evidence of increase in size of the adrenal gland 34 ) (Fig. 14) , surgery is indicated (Fig. 15) . Percutaneous ultrasound-guided alcoholization of the adrenal gland may be a palliative alternative (Fig. 16 ).
Hyperestrogenism from estrogen-producing tumors The treatment of choice depends on type of tumor, location, and so on. Ideally, as soon as the ferret is stabilized, prompt surgical removal is indicated to discontinue estrogen production. 
INTOXICATION
Because of their curious nature and strong jaws that allow them to open pill vials and sealed containers, ferrets are prone to toxin exposure. Because of their small size, even small ingestions of a toxicant can lead to a large exposure on a milligram per kilogram basis. 35 Furthermore, intoxication in ferrets may occur as a consequence of inherited defects, as in the case of copper toxicosis. 36 The treatment of toxicity in ferrets should be approached the same as in any other species. 35 General treatments should be started and, when available, specific therapy for a toxicant should be instituted. If there is substantial evidence of recent intoxication (ie, within 2 hours), when indicated, emesis can be achieved with oral administration 35,37 Emesis should not be induced for ingestion of corrosives such as alkalis, acids, cationic detergents, and petroleum distillates. 35 Finally, if the animal is already symptomatic (eg, vomiting, depressed, seizuring), induction of emesis is not indicated. 37 
Ibuprofen Toxicosis
A single tablet of common size ibuprofen (200 mg) could be fatal to an average-sized ferret.
Common presenting complaints include the following 38 Neurologic signs (93.1% of ferrets with presumed toxicosis): depression, coma, ataxia, recumbency, tremors, and weakness Gastrointestinal (GI) signs (55.2%): anorexia, vomiting, retching or gagging, diarrhea, and melena Renal signs: polydipsia, polyuria, dysuria, renal failure Other findings: shallow breathing, metabolic acidosis, dehydration, and hypothermia.
Treatment for ibuprofen toxicosis in the ferret includes stabilization, GI decontamination, fluid diuresis, GI protection, and supportive care. The ingestion of ibuprofen has an unfavorable prognosis unless the animal is decontaminated early and given aggressive treatment. However, in a retrospective study of suspect ibuprofen toxicosis, death was reported in only 14% of cases (4/29 cases). 38 
Anticoagulant Rodenticide
Anticoagulant rodenticides interfere with the liver's production of clotting factors II, VII, IX, and X. Signs of hemorrhage are not evident right after intoxication, typically taking 1 to 3 days after ingestion to occur. Hemorrhages may occur anywhere, including thorax, abdomen, subcutis, and central nervous system (Fig. 17) .
39 Emergency treatment should be aimed at stopping hemorrhage, correcting anemia, and supplementing vitamin K1. Although there is a lack of clinical research data on ferrets, vitamin K1 is empirically indicated at a dose of 5 mg/kg divided every 8 to 12 hours. 35 Oral vitamin K1 should be given with a fatty meal because bile acids are needed for its absorption, while injections are generally discouraged for the risk of anaphylactic reactions. 39 Plasma or whole blood may be given in symptomatic ferrets to provide clotting factors. In case of anemia, whole blood transfusions are indicated. Course of treatment depends on the rodenticide (around 2-4 weeks) during which coagulation parameters should be monitored (Table 1) .
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ACUTE ABDOMEN
Ferrets presented with an acute onset of abdominal pain should be closely evaluated, because the underlying cause of acute abdomen in the ferret may be minor and transient or an immediately life-threatening process. Acute abdomen may result from specific injury or disease of the peritoneal or retroperitoneal structures, diaphragm, or body wall constituents, 1 with pain from the spine also frequently referred as abdominal pain.
Gastrointestinal Obstruction
GI foreign bodies are particularly common in ferrets, especially in young individuals. 41 Ferrets seem to be attracted to plastic and latex objects. Vomiting and/or diarrhea are frequent presenting complaints. Occasionally, gastric dilatation-volvulus may occur. 42 Radiography and ultrasonography are usually sufficient for diagnosis (Fig. 18A) , although in some instances, other diagnostic techniques are required (Fig. 18B) .
Obstructing intestinal foreign bodies should be considered a surgical emergency, and exploratory laparotomy should be performed as soon as the ferret is able to withstand general anesthesia (Fig. 19) .
Intestinal Perforation
Intestinal perforation may occur as a consequence of GI foreign bodies or neoplasia of the intestinal tract and should be considered a surgical emergency. Treatment consists of stabilization of the patient and resection of the affected tract of the intestine (Fig. 20) . In cases of perforating foreign bodies, excision of a small area of intestine around the perforation (after foreign body removal) may be a valid alternative to end-to-end anastomosis. In the author's experience, the prognosis is generally guarded.
Biliary Disorders
Biliary disorders are increasingly being diagnosed in ferrets. 43, 44 Ferrets with biliary disorders may present with discolored (acholic) feces (Fig. 21) , icteric mucus membranes, vomiting, anorexia, and lethargy. Alanine aminotransferase (ALT) and total bilirubin are usually elevated (reference ranges, ALT: 70-100 U/L; total bilirubin: 0.2-0.5). 45 Ultrasonography of the gallbladder may identify surgical emergencies (ie, obstruction and rupture; Fig. 22A ).
Cholelithiasis and obstruction
Usually requires immediate surgical treatment, with removal of the cholelith (Fig. 22B) .
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Cholecystitis Depending on the severity of the disorder, it may be appropriate to attempt medical treatment, such as antibiotics, gastroprotectants, and ursodeoxycholic acid (Fig. 23A, B) . In severe cases, cholecystectomy is indicated (Fig. 23C) . Rupture of the gallbladder Requires immediate surgical treatment, consisting of cholecystectomy and peritoneal lavage (Fig. 24) .
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Spleen Disorders
Conditions requiring immediate surgical treatment include splenic torsion and rupture. Both are quite uncommon in ferrets. 42 Splenomegaly is a more common condition but usually does not require emergency treatment. However, in some cases, generalized splenomegaly (hypersplenism) or large splenic masses may result in weakness, lethargy, anorexia, and even vomiting from mechanical compression of the stomach (Fig. 25A) . In these cases, splenectomy may resolve the symptoms (Fig. 25B) . 46, 47 Histology should always be performed on the removed spleen for diagnosis of subtle lymphomas.
Intervertebral Disk Prolapse
Intervertebral disk prolapse in ferrets generally occurs at the level of the lumbar vertebrae and results in ambulatory deficits of the hind limbs (Video 4). 48, 49 Vertebral trauma can lead to a similar clinical presentation. Such alteration should not be confused with the common hind limb weakness that affects ferrets in a variety of conditions, including hypoglycemia and congestive heart failure (CHF), or with paresis related to neuromuscular disease, as in a course of myasthenia gravis or disseminated idiopathic myositis. 50, 51 A preliminary indication during emergency consultation may be provided by radiographs of the lumbar vertebrae. Definitive diagnosis requires 
ACUTE KIDNEY INJURY
In ferrets, acute kidney injury (AKI) (acute renal failure) may result from prostatic disease, urolithiasis, ureteral obstruction (stenotic and retrocaval ureters), toxic exposure, and infectious disease (Fig. 26) . Initial laboratory evaluation should include a complete blood count, serum biochemistry profile, assessment of acid-base status, urinalysis, and urine culture. Hyperkalemia occurs primarily in oliguric or anuric ferrets. Radiography and ultrasonography may serve as a diagnostic imaging step to aid in the assessment of a ferret with suspected AKI (Fig. 27) . CT and excretory urography may be required to characterize some disorders (Fig. 28) , for example, focal dilation of the ureters (Fig. 29) . The primary treatment should be aimed at the underlying cause of AKI (eg, ureteral bypass, antidotes for toxins); however, correction and maintenance of the animal's hydration, acid-base, and electrolyte status are the mainstays of management for AKI.
Urethral Obstruction
Urethral obstruction is a condition that requires immediate care and may be secondary to prostate enlargement (frequently secondary to adrenal disease), urethrolithiasis, and urethral masses. In male ferrets, even small uroliths may cause a life-threatening postrenal obstruction because of the narrow diameter of the urethra and the os penis. The urethrolith may be dislodged by means of urethral catheterization and retrograde urohydropulsion to the bladder (Fig. 30) . If retrograde urohydropulsion is unsuccessful, perineal urethrostomy or temporary tube cystostomy permits urine voidance (Fig. 31) . Temporary tube cystostomy may be performed as follows 56 
:
During laparotomy, a cystostomy tube (5-or 8-French Foley catheter) is passed in a paramedian incision in the ventral body wall. A Foley catheter is passed into the urinary bladder, inflated, and fixated with a purse-string suture. The bladder is tacked to the body wall with simple interrupted sutures. The abdomen is closed routinely, and the skin around the exiting Foley catheter is closed with a purse-string suture. A finger-trap connected to the purse-string suture is placed around the Foley catheter.
DIABETIC KETOACIDOSIS
Diabetic ketoacidosis is a severe, life-threatening complication of diabetes mellitus, characterized by the biochemical triad of hyperglycemia, acidosis, and ketosis. As compared with dogs and cats, ferrets rarely suffer diabetes mellitus. Diabetes mellitus in ferrets may be spontaneous, iatrogenic, or as a postoperative sequela to pancreatectomy. [57] [58] [59] Treatment of diabetes ketoacidosis consists of fluid therapy, electrolyte corrections, and insulin therapy. 57, 59 Previous experience suggests using initially short-acting insulin to gain glycemic control (0.25 U/kg, IM, every 4 hours), after which switching to long-acting insulin (insulin glargine) for maintenance glycemic control (0.5 U, subcutaneously, every 12 hours). 58 
CONGESTIVE HEART FAILURE
Cardiac disease in ferrets is far more common than previously thought, 60 and CHF is a common emergency condition in ferrets requiring immediate care. Ferrets with CHF may present to the emergency department with cough, respiratory distress, syncope, ascites, and/or generalized or hind limb weakness. The ferret may acquire an orthopneic position while breathing (Fig. 32) . After evaluation of heart rate, rhythm, murmurs, pulse, capillary refill time, and thoracic percussion for fluid presence, radiographs should be obtained. Assessment of the vertebral heart scale (VHS) is a rapid, but limited technique that may assist the nonexpert radiologist in evaluating the cardiac silhouette (right lateral VHS reference interval: 5.2-5.5 vertebrae; Fig. 33 ).
61 Thoracic ultrasonography and ECG are typically needed to make a definitive diagnosis.
Depending on the cause of CHF, different emergency treatments should be planned:
Oxygen, provided both via flow-by (4-6 L/min) and in an oxygen cage, should be administered to hypoxic ferrets. Suspected pulmonary edema is empirically treated with an initial IM administration of furosemide at 4 mg/kg, followed by recheck radiographs at 3 to 5 hours, and decreased to 2 or 1 mg/kg, once or twice a day (Fig. 34) . In ferrets presenting with significant pleural effusion (Fig. 35) , thoracentesis should be performed immediately for diagnostic and therapeutic purposes ( Fig. 36; Video 5) . Effusion of cardiac origin should be differentiated from chylothorax and pyothorax (eg, Pseudomonas luteola and Nocardia sp infection). 62, 63 Chylous effusion may have a "milky" appearance (Fig. 37) or may be transparent; therefore, visual assessment may not be diagnostic. 64 A high effusion:serum triglyceride ratio (2-10:1) is suggestive of chylothorax. 65 In dubious cases, the presence of chylomicrons in the lipoprotein electrophoresis from the effusion is diagnostic. 64 Lymphangiography permits evaluation of the thoracic duct (see Fig. 37 ). 
Valvular Regurgitation and Cardiomyopathies
Valve incompetence is the most common cause of cardiac disease in ferrets. 60 Dilated, hypertrophic, and restrictive cardiomyopathies are less common, but often associated with CHF. 60 In the author's experience, the use of an electronic stethoscope may simplify auscultation of ferrets and usually permits the identification of murmurs (Fig. 38A) . Valvular disorders are diagnosed by Doppler echocardiography and should be treated as in other small animals. Empirically, the author uses pimobendan (0.25-0.5 mg/kg, twice a day) and benazepril (0.5 mg/kg, once a day). 66 Chronic diuretic use of furosemide, at the lowest dose to control signs of CHF, is needed.
Atrioventricular Block
Atrioventricular block is common in ferrets, and third-degree atrioventricular block often results in CHF. 60 In most ferrets, ECG may be performed without need of chemical restraint. The ferret may be maintained in a vertical, "hanging" position ( Fig. 38B) , 67 or manually restrained in the lateral position. Administration of commercial malt paste may simplify restraint of uncooperative individuals. The ECG is interpreted as in other domestic animals (Fig. 39) , and values of healthy individuals are detailed elsewhere. 67 Treatment options include medical therapy with sympathicomimetic medications (isoproterenol, metaproterenol) or cardiac pacing. Both epicardial and intracardial pacing have been successfully performed in ferrets.
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Filariosis
Caval syndrome caused by adult heartworms may occur in ferrets living in areas endemic of the disease. Accuracy of SNAP ELISA (enzyme-linked immunosorbent assay) -based antigen tests is unclear in ferrets, and it is suspected those tests may give false negative results. Diagnosis is based on evidence of adult worms in the heart and cranial vena cava by ultrasonography. In a ferret, heartworms had been transvenously extracted. 70 The jugular vein is dissected; a basket endoscopic retrieval device is inserted into the vein and advanced into the cranial vena cava with fluoroscopic guidance, and heartworms are extracted.
Medical adulticide therapy using melarsomine in ferrets causes anaphylaxis in approximately half of the cases. 71 Prednisone at a dosage of 2 mg/kg may be used to mitigate clinical symptoms. Preventative medication is mandatory in endemic areas. 
Congenital Disorders
Congenital heart disorders are increasingly being diagnosed in ferrets (Fig. 40) . Currently, ventricular septal defect, atrial septal defect, and tetralogy of Fallot are described in ferrets. 66, 72, 73 Often the ferrets are asymptomatic until adulthood, when, as a consequence of severe heart remodeling, they develop CHF. 66, 73 Treatment is symptomatic, because surgical correction of congenital heart disorders in ferrets has never been reported.
Hypertension and Aortic Aneurysms
Systemic hypertension may be associated with CHF and renal disease, and blood pressure should be closely monitored in ferrets with cardiac disorders (Fig. 41,  Video 6 ). 74 The practitioner needs to be aware that noninvasive blood pressure measurement (with manual sphygmomanometer and Doppler probe) underestimates blood pressure in ferrets. 75 However, it remains an affordable technique for blood pressure monitoring. As a rule of thumb, 30 mm Hg may be added after Doppler measurement (based on published data, mean difference: À28 mm Hg, 95% confidence interval approximately 4 to 60 mm Hg). 75 Systemic hypertension in ferrets may be secondary to causes similar to other domestic carnivores, including aldosterone-secreting adrenal tumors. 76 In cases of hyperaldosteronism, administration of spironolactone and amlodipine mitigates the hypertension. 74 Uncontrolled hypertension may result in dissecting aortic aneurism and sudden death (Fig. 42) .
TRAUMA
Given the curious nature of ferrets, they tend to escape their enclosures and suffer accidents, including falling from windows or balconies, electrocution, washing machine-related injuries, and so on. Fractures in ferrets should be managed in a similar fashion as in other small animals. Spinal and pelvic fractures occasionally occur as a consequence of falling, and standard orthopedic treatment should be considered. 77 In general, standard diagnostic and therapeutic principles developed in small animal emergency medicine should be used in case of trauma. 78 
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